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C. Hl. Chen
Rong-:lwang Wu

l.w\ﬁfummary

For a given textured image, experimental results on texture feature extraction,
dimensionality reduction, and iterative Bayes classification are reported. The
classification performance is superior to other texture discrimination methods that
have been ecamined on the same data. While the method presented is recommended as
an effective statistical texture discrimination approach, the large amount of
computation required, especlally in feature extraction, can be undesirable ir some
applications. Detailed computer program listing is glven in the Appendix.
2, Texture Feature Ixtraction

The image examined is a 64 x 6l textured image described in an earlier report [1].
Because the image size is smali, the co~occurrence matrix is computed for distance 1.
The number of gray levels is 16, The 16 x 16 co-occurrence matrix P is generated
{2} for angles 0 = OO, hso, 900, and 135°. TFor each P matrix, we compute the
following four measurements.

(1) Angular Second Moment

Nil Nil o )2
£ = P,
Pogs ogm N

where N is the number of gray levels and Pij is an element of matrix F,

(i1i) Inertia or Contrast .
N-l N=1 Accession For
o= ] 3 (i-3)°% o
2 " = A & NTIS GRAXI
=1 9=l DTIC TAB 0
(iii) Correlation Unannounnred ]
Justificntion
N FS . i
fo=go— b L I (13)Pyy - ] By |

i% 1= 3=
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where u, = iP,
' iZ0 j=o 2
-~ N-1 N-1
uj ) Zo JZO : Pij
N-1 N-1
2 Y
of = Y oP (i)
1450 350 W *
N-l N=-l
2 _ RY:
oy = 120 JZO PiJ(J uj)
Nel1 N=1
(v) f,= 1 1 [li- Jl3loglo(PiJ +1)
i=0 J=o

Despite the directional effect, we take the averapre and the maximum difference
of the functional values, as they vary with 8. A set of 8 texture features is
formed as

x = [Ty, at), By, 81, Ty a0, B, 400"
where T = the value averaged over the four directions 6 = O°, hSO, 90° and 135°

Af, = 1

i 1 max ~ %1 min
3, Peature Space Transformation
We now consider tie problems of finding the optimum discriminat vectors and

transforming the originsl feature space to the maximum discriminant feature space.

s
?2 After the texture features are generated, we choose a set of 25 x 25 learning
i
% Teature sets for each class and follow the method developed by Foley and Sammon (é}
"i to calculate the first three largest discriminant values (Yl, Yoo & v3) and their
ﬁ, corresponding vectors (dl’ d,, & d3). By using these three vectors we can transform
g x from original 8-dimensional feature space into a 3-dimensional maxipum
% discriminant fercure space by |
5 v = Ax
vhere A = [dl’ dy, d3]T is a 3 x 8 matrix

x is an 8 x 1 feature vector

y is a 3 x 1 feature vector
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L. Texture classification

The use of k-NN decision rule suggested by Stark and O'Toole [L]provided
poor result while requiring an enormous computer time for'large nunber of learning
samples. An iterative Bayes decision rule as proposed in the following is much more
effective., A multivariate Gaussian assumption is made for =ach class with mean
vectors M, and covariance matrices zi’ i=1,2, Also let P(wi) be the a priori
probability. The Bayes classification rule is therefore

Sy-m) - -2 -t -y

1, L1 Pl wy
+ 5 in I)‘el >4Q:n P(wz) + ye

¥

for pixel y in the transformed space., Initially we assume P(ml) = P(w,) = 0.5,

)
After the decision is made for the pixel, and the pixels of its 5 x $ neighborhood,
the percentage number of pixels within the 5 x 5 neighborhocd classiried as wy is
used as updated value of P(wi). The procedure is performed iteratively ‘o update
P(wi) in each iteration.
5. Computer Resultis

Figure 1 is the ideal segmentation of the textured image [1). TFi:ure 2 is the
result of using the Bayes decision rule with equal & priori pro.adiliy) (without any
iteration). Figure 3 is the result of one iteration while Fig. l is ¢he result of
4 iterations. The convergence is extremely fast s it tvakes only 4 iterations to
provide a low ervor rate of 1.5625%. In the previous work [1], the use of meximum
a posteriori estimation has an error rate of 3.90%. More recently we have reported

(5] an error rate of 2.05% by using Fisher's linear discriminant and the texture

features of angular second moment, constrast, w.d entropy. Thus the present method

has the lowest error rate. It does require, however, more than twice of the
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computation time as compared with the Fisher's linear discriminant method.
Computation of texture festures is most time consuming. In the future when the
co~-occurrence matrix computer is developed, the computation time can bLe greatly
reduced.
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Appendix

Computer Program Listing

Note: Feature extraction is performed by File {50,50]

Feature space transformation is performed by File CHC [50,50]
File ODV1 [50,50] and File COMP [50,50]

Classification is performed by File CL2 [50,50] File PRIK [50,50)

s A AR AN AR 135 8




FITE: FEACLNHS0, H01]

3636 3 3036 30 30 36 36 3 3 30 3031 3030 300 3 30 31 30 34 3030 36 3 3034 b b 30 S0 30 3H 303033033t

FEATURE EXTRALTION

O GOy T I

36 3638 35 35 3E 3 S 3 3 3436 38 3F 36 36 3 31 38 34 3 3H 3638 3 3 36 A 3L I 3 34 3E 035 3 4B 3 S I IE IR I 343
DIMENSION NS, 64),1(£4), IT(AL)
COMMON. NE, NRy NBtL, LL, TUACGA, 640, P (160160, 11 J1 L1 @MY, DF (162 .
WRITE(6: 111) o
111 FORHAT(1X, “WHICH FEATUR THAT YOU WANI TO CHANGE 77/
11%, “FIRST FERTURE, NF:z1- 21X, “SECOND FEATURE, NF=2¢/
21X, CTHREE FEATURE, NF=37 /71X, “FOURTH FRATLRE, NE:247 )/
BIV, CNF= /000
REAL(&, 112)NF
112 FORMAT(IA)
WRITE (& 113)
123 FORMAT(1X, “CHOUSE A NFW FEATURE-/
11X, “ANGULAR SFCOND MOMANTRNT, Nus1-/ .
21X, TINERTLIA, NC27 21X, “ATOUURKE!L 41 1TON NC=#" . ;
S1X, “ENTRORY, NC=4° /1%, “JULNT FRUOBARIL LY, NC=k -/
ALX, *MIXEL, NCs=67 /71X, “Ni= 27/407) ' ! L
REAL (A, 112)NC ]
WRITE (& 114)NF, NC po
114 FURMNT (59X, “NE-- 7, T, X, NCs 7, 197) :
NIt =Ib 3602 é
NN L-1 ?
LR T R X R R R B R 2 T L B R, R R R R R L L R L Lr R T R R R -2 L R X R R 2 21T ) '

. JSida ;
e e e figeoen s
St o bt P TR PR R AR S i SR e

edenabbade.

o b o M il BES

s el st d e e e

CHANGF ORIGINAL 2%& GRAY LEVEL Th 16 GRAY LKVELS

SO o0n

EEE SRS P SRR PR TR LR R R S S T L T D R L
DeFINE FILE 3044, &4, U INDEX)

YA TNt Nt ,
g yns 2 ;
R AT SR RS e, R

TN = %
S D0 100 I=1,¢4 i
b READ(2Z INDFX)IT :
B DIy 10C J=1. 44
H L0 100 K=1, L&
I Il =(F=1)a1h
r IH=K315
5 IFCITCD), LT, IL. OR ITCD. Gk THIGU 10 100
i IDACT, J)=K
& 100 CONT INUR
4 D 101 1A=, A4
3 WRITE (&, 107 ) (LUACTA, 1B), 1=1, 14)
¢ 102 FORMAT(1X, 1612)
Z 101 CONT INUE
G END FILE 2
% { ERIE L LIT- 2 PR L 2o ROE: B X TR B X IEr RCXTE- R XTR- X EIE SRR F: EAE: BoLan- R LA 2 230 2 230 2280 -2- 2ok R LA R R g R
; C
é o FILE I i INE 1 00 Sl ARE S1ORED URIGINAL FRATURES,
N C EACH PI1XEL HAS 8 FEATURE.
g c LINE 571 10 712 AkE STORED COMPRESSEDL FEATURES,
= s FACH PIXEL HAS MAX. 3 UIMENSIONS
g C PINE /01 10 84 AML LIN= 201 10 564 ARE SILRRL 1D 6444 ,
A r OGRS |
e E E
C SR 320 33 3 30 33006 3 3 30 30 R 3 0 330 SR 2 3H 30 45 30 34 338 3 3030 SH 30 PRI IF I 2E I j
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DEFINE. Fllh 2(@64;148;U;INBFX)

B 1 L NS ) . ST N
T1:=1

Do 2 Jd=2, 63

Ji=d .

o 21 k=1,

AME) =0

DO 33 Kl=1,16

DF (K1) =0.

Do 4 L=1,4

L1:=L

LL=(NF~ 1)*4+!1

DU 32 hA—i 16
ar KB=1, 16

P(kﬁ.kh) =0,

CALL Gl

CALL JUIN(NC) ‘ ey
CONT INUE . . Coe
CALL MAXDF ) : s
AMINR) =RM(NQ) /4. ~

D & NesNG, N@d
ANy J)=BM (V)

CON'TINUE .
FORMAT (/760X “1(*, I, 1X, ) *//8(F15. 5,5X)) - .
DO 7 NS=N@, Nii Sl

INDEX=(I-] ) #8+NG
PO & Ni=t, &4
TONT 3 =sACNE, N1
WRITE(Z7INBEX) o
CONTINUE ' Y
WRITE (6, 1)1 -
FORMAT (10X, I5)

CONT INUE
CAl L BELI
CALL EXIT
END .
T35 3b He 0 30 b AF 36 320 35 0 18 30 S 35 A2 30 3h 7 30 3 3P 30 AT IR HE A3 3h b W R AR AT AR 330 3 0 344
SPATIAL-DEFENDENCE PROBAKILITY DISTRIBUT ION
303t 31 34 b 3% ot 3F 30 3631 30 b 30 4R IH 35 4h 40 35 3F $0 3R 3R 40 S A4 b P 3bAt At i it I bR R H
SUBROUTINE GhiM
COMMON NF, NG, NGIL, IL.IBA(64 ), P(14,16), 11, U1, Lio@H(S)oDF(lb)
C=Q.

I18:-11-7

by 1 I=4.3

IG=1x5+1

JE=J1-2
DG 2 J=1,3

JS=JsS+1
oniodit, i
1i=1%
JT=J3+ 1
GO TU 15
IT=18-1
JT=JS+1
GC e 1
Ii=15-1
4T =Jd8

GO Ta 15
IT=1&~1
JT=J8-1

2,13, 1401
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DO 11 Is=1,1é
DO 11 J=1. 14

A8 ID=IABS(1T-11) g
. JD=TABE (1 =J1) %
SIFCINL G L. OR, JIL BT, 160 TU 2 » |

= S48 . ’ L e i

. NN g : Y

) e NP OMeND #1s %
FONG MY =F My M) +1. !

C=C+2. g

2 CONTINHE %
1 CONTINUE §
DO & K=1, 16 2

o & L=, 16 i

& (K L =R (K, L) /G 7
RETURN H

} END . o v | %
C ESEITE 33 3H 04 220 S IH 030 300 3 30303030 00 TE 3 30 30 30 303 IR0 AR 30303 SIS SH AL T ]
c ‘ : ' :
c 101 : ANGUILAR SFCOND MOMENT %
c 102 . INER1IA 3
(: 103 © CORRELATION k
C 104 ;. ENIRORY 3
¢ 10% : JOIN PROBABILITY ;
c 104 1 (CI=-D#u2)#LOGH (L D+, ) 3
c 3
G 353 35 3530 30 4438 3534 30 38 3030 3 5 3 31 30 30 31 38§ 4R 30 18 31 30 30 3h 37 38 38 3038 3031 30 334 30 3R 3R 4P 3 b SE IR SE 3 %,
SUBROUTINF  JOIMCNG) i

COMMUN NF, NG N, UL, TDACAS, 60, P16, 163, 11, J1, L1 GMC8), DF (16) 3
BOTH(101, 102,103, 104, 105, 106), NC H

101 FisQ, :
3

IF(RCIL, J). BEQ 0G0 T 1)

Fl=ki+P (I, )P (L4) ]
11 CONTINUE %
GM N =AML Y+F L X §
DE(LLYFY T3
G T 10C g
102 F2:-0, i
Dir 2L Is:1, 16 o3
1I=1~1 . b
po 21 J=1,14 e §
IF(RPCI ), EQL O GO TO 21 ‘ %
Jd=d-1 3
DIJ=FLUAT (1 I-Jd) §
Jiz=DlJ#nld . 3
Fa=rF2+D24P {1, J) ; Pl
21 CONT INUE . g
AMONQ D) =M (NG =F 2 g
DE (LI y=F2 g
HO Ty 00 ’
103 Fi=0, :
a2, . é
uy=0. . 2
2X5=0, i3

BYS:Q.

vl 331 I=1.16
CI=FILLCAT(I-1)

DO 21 J=1,1¢&

IF(P(I, 4} FQ. 0.)G0 TO 31
CJ=FLOAT (J-1)
UX=UX+CIs-p (I, 1)

LY =UY+C % (I, J)

3
¥
3
3
b
H
k]
3
x
x
3

]
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: B, .. CONTINUE . . N B
FEARTNE t = BpcH AN 3 T ¥ o e
i GISFEOAT (I-1). - :
SLom0 22 =1, i
I (P(LL D). EQ 06D TO 32
Cu: FLOAT (J=1) !
FCL=CI#CI#F(I,.) ?
FE2=0 JuCU#P (I, 1)
@)’cfj@xs-ﬂ-m
QYSEOYE=FLY
2 CONTINUF
QAXS=UXS-UX#UX
RYS=QYS~-LYsLY
IF (XS, EGL 0. . OR. QYS. F.L 06U Tu 10
LIXY: =X LY
BX=SORT (RXE)
QY=SHRT (LYE)
RXY=QX+QY
DO 33 I=i, 14
CI=FLOAT (I-1)
DU 3% J=1,16
CJ=FLOAT (J-1)
IF (F(1,J), FOL 0060 10 37
FS=F S+ (CI#CIR (T, 1))
LUONTINUE
Fa=(Fa-UXY) /XY
GMING) = QM (NQ) +F 3
GO TO 17
10 LECIED BV
OMONGD ~OM(NR) +1, ©
WRITE (&, 12)11,d1,1.
1 FORMAT (1X, “T1:7, I3, 2X, 7J1e7, I3, 2X, “Li=’, I8, 2%,
1”VARIANCE = 07 //)
17 DECLLL Y =F3
GO O 100
104 Fa:=0.
Lo 41 I=1,14
DO 43 J=1, 14
IF(R(I, ). EQ 0G0 10 41
FA=FA+P (1, JY#ALOGLO(P (1, J)) i
41 ON, INHE
GM (NGRS NG + 4
DF(LL.)=t4
GO TO 100
105 “£20,
Lo Gl 1=1, 164
11=1-1
UG 91 451,16
IF(PCL, J) BLLOOEU 10 91
=1

3
X

é

it e

FIJ=FLOAT(1I#J4) g
FS=FU5+F LJ#P (1, J) %

4 CONT TN E k
QOG0 0 O = %
Uk (L) )=k §
B0 TO 160 :

106 F&=0. 2
DD &1 1=1, & 4
11=1-1 =
U0 &1 J=1, 1n 3
LR (P (L, 40, RS O, )G TU A3 :
Jd=d-1

VIJ=FLOAT{1I-JJ) )
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100

w3

el I B I

L EL=FLAYRALUGLOP (1, J3+1. )
’QM(N&

FIJEABSIVID
YW=FT.RFTJ
V=YVU#FI.

ik
SOM (NG +F 5
DE (Lh) =R 4

RETURN

ENL

SUBROUTINE MAXDE
COMMON - INF, NEu @, LL, IDACSS, £4), PCLAe, 34), T, J1, L1, aMis), nk(iéf”?
REAL. D(&), DECA) :
II=(NF=1y#4

IM=NF#7

M=()

no o oJde1, 4

!

RCCH =Nk (T1+4)
Do 7 =1, 2

SoT Sk

DI 7 KK=KE, 4
M=M+1

WM =ARS (DC(K) =DC(KK)) B,
DM=D(1)

DO 3 L=, 6

IF(DM. G I(L)Y)YGO 1o 2
DM=11 (L)

CONT INUE

QMM =DM

RETURN

END

****ﬂ-%*if#*%&*ngi*******ﬂ*%*%***%*******#**
i
Y,

FILE:s CHC |
CHOOSE LEARNING SAMPL ES

FH9E 4 S0 3 3038 2 3bIE 32 38 20 34 34 36 3 30 38 3 3 2F 30 A0 30 Jh AR 3 gr A AR IEIEIH 3 3F 43R 303N 3:
HEAL A(Z00, 28), F(44), K(28)

DEFINE FILE (864, 128, Uy INDEX)

WRITE (&) 10)

FORMAT (1%, “READ NF, IXI, TYL. IXF, IYF*/707)
REALC&, 11INF, IX1, TY1, TXF, TYF

FURMAT (31%9)

18=(1Y1-1)#3+1

IT=IYF#k

ID=IT-I8+1

INDEX= IS

IX=TXF-1XI+1

1X1=IX1-1 i
po 1 D=y, I |
REANI (2~ TNDEX)F

Do 1 J=1, IX

AL, Jy=F (IX1+0)

ENU FILE

DEFING FILE I(408, %0, U, INDEX)
INDEX= (NF—-1)#200+1

DO 2 Ke1,200

D0 3 L=1,25

R(L)=AK, 1)

WK1 ik (17 INUEX)K

CON'T INUE

CALL BELL §
CALL EXIT |
END 5
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FILE: ODVILS0, 501

*****************%***********#********%*#***** ﬁ* o

Sy

ﬁ**********%***i%*3*%%*%%**%**’*****3************
RFQ’ A(Ob) U( ;S) Df(o). (E:u:
REAL.S1(&:8).,.0(8:.25), WH(2,.8, 8) . H(8,8)

(S)aNI(S, 3 ¢ NS(S;%):T(S) OG(S)gDDV(ba

. tn,it X NJ(S. hsCl(é).SNl(é);D&L(S) ®
DEFINEFILE 10408, 50,10, INGEX)

WRITE (4, 10Q)
FORMNAT(1X, “S17E OF LEARNING SAMEIES (N#N)7/7-07)

. READ(£, 11N , L
CFORMAT(IZ) : S

*********%***%***********%*************ﬁ***#***
FIND MEAN U & U AND DIFERENCR UT

*Ah*ﬂ%%%*%%*%%**ﬁ*ﬁ***%**%%%%*%*ﬁﬁ%**%**%**i*ﬂ%
0o 1 I=1,2 :
Ti=(I-1)4#200

DO 2 J=1,N

Ji=(J=1)+8

DO 3 K=1,¢

INqu Ii+Ji+K

_ READ(17INDEX)A

DO B L=, N .
DT KISULT, KI+A L)

CONT INUE

CONT INUE

DO 4 Mol &

UCT, MIBUCT, M) /FLOAT (N#N)

CONT INUE

DU 12 ID=1,2

WRITE (G, 33) Th, (UCID,K), K=1, 8)

FORMAT (L%, “UC, 12, 1X, 2 )7, BF 15, 5/)

CON'T INUL .

Do 5 I=1,8 :

DTCII=U0L, 1) -U(2, 1)

WR1TE (%, 24) D7

FORMAT (771X, 701 =%, 8F15. 5)

$H 38 3538 35 303 3R LI 3H 30 2b R 3R 3L HE 3 3h 36 34 34 38 34 3P b 38 38 35 3 35 3B 3 302 30 30 S8 330 3 0 A H SR B AE I B 3330

FIND WITHIN-CLASS SCATER MATRIX A AND ITS INVLRSE MﬁTiX

393321031398 30 131 3030 R S0 2 30 30 0 300 I H SIS A R0 A3 M S
pa & I=1,2

I1=(I-1)#200

Bo o2 J=1 N

Ji=(J-1)#8

INREX=11+J1+1 -
0o 8 K=1.8

READ(17INDFX)A

bo 2 i1, v

DG LY =AL)

CONTINUE

-
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RTINS 2o Y S ot
SRR L+ et SRR B AT, SOVt st S G Lrg T e s ARG VA ¢ —agre

UD 0 L1 1,5
M1=01, ML-UCT, KDD)
- DDE=NOLl NG, L LY. P—
WWCT R, L1 =W, Ko, L1 +D01snpi
o CONT INUE
7 CONTINLUE
Do 1S K21, 8 i
o DO 1% L3=1, 8
o - nNW(IfKZ:L&)~NW\I¢KL;LQ)KEQQQTQN*N)
i5 .. CONTINUE CEST
b CUNIINUE E . , R :
T DB 110 KéstiE ’ , ; :
po 110 KT=1,8 :
WL(KS, RTY=WH (1, KS, KT)
o WACRS KT =Wl (2 RS K1) e .
11Q CDNTIVUF E _
f ’ﬂU 1146 I=1, 3
Do 116 J=1, 8
116 WO Jd=Wi (1, J)+W2 L, D)
WRITE(S, 117kl
WRITE(E, 118)W2
17 CFORMAT /740X, “W17/78{ELS. 40
118 - FORMAT (/740X “W27/8(F15, 4))
WRITE(S, ‘190
119 FORMAT(/ /40X, "W /2{F 143, 4))
N=3
CAlLL INVERS(W, Wi NU)
WRITE(G, 199)

199 FORMAT (1X, * INVERSE U OR!7/707) )
H LR SE R A IR AR T T A A A A A L A A 2 I

SPNRIRTY. § X

e

Al Ao BCIS

LT U A i W e

et e IR S Ll O

i

R i [ B e S e e

' C
: C FINF “ALPHA 17
r

*******“**#****%**********%*********ﬂ************
3 Nno 21 I=1, 8
= Do ”1 J=1,8
: SUM=0.
DO 2¢ K=1,8
¥y SUM=SUM+WI (I, K)Y#HL (K, J)
S (I, J)=8UNM
21 CONTINUE
- AL=0.
o 24 J=1.,8
SUM=0,
Lo 2h K=i,3
24 SUN*SUM+NS(J»K)*D!(K)
T(d)‘° . -
24 CONT INUE
Do 23 1=1.,8
AL=AL+DT(1Y#1 (1)
2= CONT INUF .
Al=1. /SERT(AL) -
*3:**%*3&%’-“%***%**% P33R 33 I 330 30930 S 353 3030 *‘h‘-ﬁ-**i **4’**3’

-

G
C
e - FINF D1
u
U

AP I3RS or 334 335 30 3 2R 3R 313030 33 3 3030 30 3430 3 33 3 3 20 A IR E 3 I SE 3 333t
SUM=0,
Do zv J=1.8

77 SUM=SUM+WL (T, Y207 (J)

OB =5leni,

SRS AT TRt



AT Sy o oy <)

A
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O0oOn

OO0

&2

41

CRINE P pEeSRIMSVALEE Riv

..bo g9 usnE T , o
-~ SUM=

RSP H I H 303 0 300 S I I S BE S3E JF  B E  R AR SR I B S
ME=1 R

Cal.L RNV W, 0N, P, NED ;
R A R S s S T R R Y ?

FINE S11 ROR 201, 1) & &-1(1,1)

********%&*%%******ﬁ*%%&********%****%%**%******,

0o 20 K=1,8
SUM=SUMHIT {1, 1) #0L(K)
T () =5UM

CONTINUE

§1450, <

D0 28 11,8
G11=811+0NCII#T(T)
$(1, 1)=811

814, 1)=1. /511

309536 33040 03530 B30 d0 SR IE 3R 3H 30 SR SH3E SR I 30 3T 3 St 3R 3030 3R It N LAY

SE'T COLOUM Ci/8l. D 0 O ..... 1 AND STORE “Di" TO "0ODV"

3836 35 36 30 35 3030 30 36 30 20 34 30 3F I 3E 0 3E 3H3E I IR AT 338 33 3 30 3L 3R 4RI IR AP 3 I3 IF I B WU B
Cl.(l)=1, /AL

D0 41 I=2,7

CLCI)=0.

no 148 J=1,8

0DV (J, 1)=01(J)

30 3b 38309 3 330 3E 38 36 3035 30 3 3530 30 39 303730 2 4038 30 36 I 30 3438 30 3 34 I S0 35 3H 36 30 45 3530 3 I 3hH b I 3F 3

DO LOOF FINE LK & &

GRS A e S SR R S A T E R :
DO 40 NDk:=i, 4 %
NEF =N J+1 i
IF (NI EQ 1)YGQ 10 44

FH4E 33030 SR 3SR S0 AR 30030 3130 30 3030300 330 B 4040 I 43 B30 4R SR I3 H 3033 300 AR 3R S o

FINE MATRIC € AN ITE INVERSE MATRIX

3t 30 3630 38 56 30 30 S 330 2R3 30 30 0 3H 2030 SR 2 3F 30 23 3R B H AR 3B 6 Sh 3E 03RS F RS0 SEJ A HH
DO &1 K1=1,38

SUM=0,

DO 62 KZ=1,8 . .
SUM=SUM+WI (K1, K2) #0DV(K2Z, ND)

T(K1)=8UM

CONTINUE

DO &3 K3=1, ND

SUM=0,

DO 64 Ka=1,8

SUM=SUM+OLV (K4, K3) #T (K4)

Y (K3)=5UM

CONT INUE

B0 65 K, N

SRS, ND) =Y (K5)

SOND, K5) =Y (KS5)

CONTINUE

CAlLL INVERS(S, 1, ND)

AT IRt R33N BB
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GO RE S

B L

RS

. FINe tuN® AND STORE TO "ODVY

Tas R o a\

\"'}‘

,~;*§l_, i
DOAZ TR, ND

SUM=0,

DO 42 J=1, NI

SUMSUNFET L, ) #0L () .
SN (1) s SLN

CONTINUE

Lo 45 K=1,8

SHIM=0),

N0 4t L=1,ND
SUMESUMFIY (K, L) #8NL (L)

gD‘C(K)mﬁiik)~SUM S
CONTINGE - - . -

poav-1Ei e :

SUM=0.

DO 48 J=1, 5

SUMESUMHRT (1, J3#0S6 1)

0D 1) =5UM :

CONTINUE

SUR=0.

Do 49 I=i, ¥

SUM=SUM+OLI (D) #0D (1)

ALN=L, FSSRT (5UM)

DO 50 I=1,8

OD¢ 1) =00 (1) #ALN

0DV I, NE}=0L{1)

CON'T TNUE

4‘“

**ﬁ%*%***%%**%*%***%%*#*(*ﬁ*%****%%***

3536 35 20 FH 300 TR 30 40 31 30 36 30 37 31 31 33E 3P 33 3 35 3030 3 SH3E 43044 36 3030 3H 343 3 30 44 3 3b St k4t

FIME "RN"

3T FE I S0 AL I 3 R LIS T I TS IR 3 SR

CAEL RNV W, O, 1077, NE )
CONTINUER

INDEX=401

Do SH I=L 8

no 56 J=1,0

ALY =0DVII, O

CON'T I Nu&

WRITE (5, 196) (ACKY, K1, )
FORMAT C2(OX FLE &)
WRITE(1INDEX)A

- CONTINUE

CALL. BELL

CaALL EXLY

FND

SUBKOUTINE RNV (W, QD LT, NE)
REAL OB(B), BT(8), W(8, ), T(8)
SUM:=0,

Do 1 I1=1.8
SUM=SUM+0L(I #0171 (1)
DNM=SLIM#5LIM

po o I=ng

SUM=0.

Do 3 J=1,8
SUM=SUM+WN (L, . ) #0D(J)
T(1)=8lUM

SU=qQ.

L 4 K=1,8
SUM=SUM+DI (K #T (K)




s I
it

&

Pt X At
st

7

T T S D
“;.,ﬁ:’: FarE

0,

AR R

RS

ST
3 k};f‘ 8

X

s
e
-
3%
5
i
@
2
=
.
i
ot
‘
e
&
A%
2

ot AT N 118 it SO Ay 18 4 1 o < o

P —

e O W A s

'3

,Mﬁmv\% RWWMKMMMW m« sm&s«" %WW %%wm&%wm&&@&ﬁm
PRI, i RN RNV PP P )

RN~DNM/HUM

Y WRITECS: {409NE RN

FORMAT (10X, “RN{7, T3, 141X, 7)=", F13. &)
RETURN

END

SUPhDUfINF INVPRb(S;QI ND)

REAL 5(8;8):81(8&0)

COMMOM SDC&, ), EM1(8), LM?(S);Y(E):CN:NI:NL

SI¢1,1)=1. /72(1, 1)

DO 2 N=2, NI

Ni=N-1

o1 Il=1, N1
Y(II)=2(N,1I)

CALL S7TY(s1)

CALL YTTS(SI)

CAl L. COsT((s)

CALL LEFTUR(S1)

0 3 K=1,N1

0o 3 L=1,N1

SI(K, L)Y=SD(K, L) /TN

3y 4 I-1, N1

ST NDY=0., -(CHM1 (7)) /7CN)
S1N, I)=0. -(CMZ2 (1) /CN)
CONTINUE

SI(N: N¥ssi, /CN
CONTINLUE

CAlLL BELL

RETURN

EiND

SUBRDUTINE STY(SI1)
REAL 81(8.8)

COMMON 811(8, ), CMI(8), CM2(2), Y(8), UNs N1, N
Dol Is=1, N1

SBUM:=Q,

po o2 J=1. Ml
SUMN=SUM+SI (I, JI#Y(J)
CMIi(1)=8UM

RETURN

FND

SUBROUT INE YTTYS(sT1)
REAL S1(Y,8)

COMMON SD(2, 8), CM1(8), CM2(8), Y(8), CN: N1, N
P 1 I=1,N1

SUM=0,

no o7oJ-1, N1
SUM-SUMN+Y (D) #5810 1)
LONT TNUE

CMZ (1 )=8UM

RETURN

END

SURROUT INE DSV (S)
REAL S(&, 8)

COMMON SDRCCE, ), UML), CMU(3), Y(3), TNy NI N
CN=S (M, N}

PO 1 I=1,N1
CN=CN-Y(I)3#IMI(I)
RETLIMN

-1

SUBROITINE LERTUF(SI)
REAL SI(E,3)

COMMON SD(E, 2), CMI(E), CMZ(3), Y(E), CN, NI, N

]
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PR Pemtin ufT




A PR o s P S A S e A2
SRR s E R s

) i ndn0s AR TELLNT O i S A N S JU%% 'i
; D31 =1, N1 !
B3 QU(I JY=0ME (1) #CMZC +ST T JI#EN é
\ erye -1‘\‘ R . N T
° Y ‘;w :f ’ ’érj ":
iR
C FILE: COMRLL0, 201 :
[
t ******************************3**%**%**?**3**%*%*******v L. :
(B2 TRANbPﬂRM THE DRIG INQL hIGHi'UIMENSIUN FPATUHE 5PA S Jj i
[ TOON (N IESS*FQUAl 3) DIMENSONAL FEATURE SPACE. B ‘
C
2 3t 36 35 36 3f S 3h 36 3 38 3E 303 T 3030 30 3H 0 26 H 30 3h 3 3H 30 I 03030 SE 4L I IR 36 IF 353 36 3F I 3F I I I 3543

REAL -A(E) 3), X(8) 64), Y(3, 64), F(64), E(29) ‘

C WRITE(6, 1479 S
7 FORMAT (1X, “THE DIMENSION OF COMPRESSION = 7(MAX. =3)°/%07)
REAL(A, 1BPINF
FORMAT (T
DEFINE FILF 10408, 50, U, INDEX)
INDEX=401
~DB 11 I=1,8
4Rhﬁﬂ(1 INDEX)E
DO 11 J=1, NP
AL, D=k{d)
11 CONT INUE

END FILE 1 )

DEFINE FILE 2(864, 128, U, INDEX)

DO 101 I=1,44

Py

~
-
~

o
e
et
g

101 F(I)::0,

INDE Y521

by 102 J=1, 192
102 WRITE(Z INDEX)F

DQ ;. I=2, &3
TNDEX=(I-1)#8+1
Do 2 J=1,8
READ (27 INDEX)F
DO 3 K=1, 44
X{Js KI=F(K)
CONT INUE
De 111 II=1, NP
DO 111 JJd=1, 64
SUM=0.
Dl 112 KK=1,8
112 SUM=SUM-A(FE, 11)#X (KK, Jd)
Y(II, JJdi=SUM
111 CONTINUE
INDEX=(I-1)#3+521
po £ Il={,NP i
g o Jd=1, 64
FOAD=Y(IT, JJ)
- WRITE(Z7INDEX)F
-~ CONTINUE
CONTINUE
ALl BRLL
AL EXTH
END

it e R SR, AR AT T

fIREY

o~

et L
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‘"L,;3GLAS IPILAWIUN <ahrMbN1Ar10N)‘

CREAL. CVA2), E(3) 6, 8C0V(3: 3) ) SCOVILE, 300 T (3) EMLS, 60, XHL2, 30
REAL Fi (& ~ )
-~ INTEGER' IX :

‘****%***%***************%%***%**********************‘ gh]

o THE LDMPHh““IDN DIMENSIONS AND THE BUUND%RY Ok, IMAGE. g

FILE: CLIES0, 501

******************%%%*e*****4*“é%%aaa;u%a**ﬁﬁ*&**%**%**
REAL. F &4, Y3, &40, X2, 3, 223), U(X, ), COV(Z, 3, 33, COVI(Z, 3, 3)

;.‘«,M

kSH(64) Cﬂ(5:04) fN(ﬁ.o) XVY(7
(@Y TY(2) ’

DETERMINE THE ORIGINAL POINTS OF LEARNING SAMPLES

~~~~~~~~~~~~

NHIIF(L-lO)

FORMAT (1X, “READ 1Xx, IYL, IXY, IV NU7/707)
HhﬁD(b.il)lX(l) 1Y(1)aIX(!) IY(”).NU
FORMAT (315

IXI1+=49¢
IYI1=582
IXF1::754
IYF1=2%2
IX12=304.
1Y12=544
IXF2=748
IYF2=300
SESE 03630203 31 HREEE 3026 3031 £ 313030330 30 34 303 30 30 30 40 3620 30TH 03030 30 331 SR 0T

CHUDSE LEARNING SAMPLES 3

Fegb 330 4 3030 H 30 S0 3 3R 6 030 330 35 30 3 3040 B 313 3P 3048 1 FH 330 30 SE I S I 03034300503
Do 1 I=1,2 “
T1=C(IY(I)-1)8#32+500

IX1=IX{I)-1

pao 2 J=1,1%

Kik=(J=-1) 913

Ji=(J=1)#3

DO 2 K=1,ND

TNF K= L i4d3 4+

READ (27 INUEYOF

Do 2 Ll it

BN+

XL K KN =F(TX1+0)

CONTINUE

CONT INUE

2 2E 34 36 3 3F 38 3438 28 35 30 38 38 3£ 3034 30 30 38 30 30 3 34 30 30 30 3034 36 38 34 30 36 30 3 SE 303036 303 330 03 3L 0 IR 3

CALCULATE MEAN , COVARIANCE MATRIX AND ITS INVERS MATIX,

35303030 30330 3L 30 30 3040 S 300 30 3030 H 0300 I IR 30 b ar P 3024 I0 IEH3E  I RK 2RI M WU
Ty 21 11,2

D0 20 M1, N

(T, )20, |
DO 27 J=1, ND g
DO 22 K=1,22%

UCT, D=UCT D +X (L Ji KD

SR PrRY.

PR PR
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Do E% M=1,ND

HOI, My=L(T, M) /225,
CONT INUE

DO 28 1=1,2

nG 24 J=1, 225

PO 25 E=1, M)

TORY=X (T K, D) =0T, KD

Dy 24 L1, MR
DD 26 M=1, ND ‘ . .
5GBTS L, MYSEOVCT,L MY+ (L) #T (M3 o -

i (eOr‘l rINU&. - -7 N i T ¥ ; e

DO H7 N=1, ND «

no 27 Ni=1, ND
CN=COV (I N, N1} /225
COV (I, N, N1)=CN

‘SCDV(N;Nl)-CN

CONTINYE

CALL INVERS(SCOV, SCOVI, NI

DO 248 N=1, ND

DO 23 Ni=1,ND

COVICI, N N1)=SCOVI(N, N1)

CONTINUE

T T

< b e R A et e unndzdosas Bt b e s e G

FIND THE DETEFRMINE OF COVARIANCE MATRIX.

Fh 3020 363058 335 3 36 3030 3E 303 3 3030 3 3h 3 303 3R IR dR 3 ***‘)HH"'********%*#6:‘*****
IF(ND, EQL 3)GD TO 43

ng 41 1=1,2

CV(II=COV(], 1, H#COV(I, 2, 2)~C0V(I, 1, 2)#00W(I, 2, 1)

GO TU 49

po 44 11I=1,2

DO 4% KK=1,2

DO 45 JJ=1,8

TE= (KK=-1)#3+ WJ

U 45 J=1.,3

G IKY=COV YT, o Jud)

C1=0,

L2=0, .
B 446 KR=1,3 |
K2=Kk+1 . i
K3=KK+2 i
Cl=Cl+{ (1, KEY#E (2, K2) )3 (3, K3)

C2:=02+ ({3, KK )Y #R (., Ke)y=E (1, K3)

CONT 1NUE

CV{I1)=ABS(C1-C2)

CONTINUE

VCV=CV (1) /CV(2)

AL V=Al DG(VCY)

b5 2 28 3t 3 6 30 30 0 3 3 163030 35 30 3 3k 2 3E 24 35 3E 20 3E 3 AF 2 36 2 3L IE 0 E 030 IE PR IE 0 IE SR NH

!
i
i
i

CLASSIFICATION, DISPLAY AND STORAGE

330334083000 3R SRR IE 30T I AR 00 3R S SR I 40 SRR 20 B 030 S0 S SR S0
CALL VUINDGCOL. 64,10, 44.)

CALL SMINHU(EUO,?EA.SOO.Hté)

ud 31 I=,

INDEX=(I~- 1)§ +3521

DO 32 J=1,ND

READ(2° INDEX)F
UC 5C K=1,44

Y (KD =F (k)
CONT INU=

PV NS AF RS

RPN PP
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44
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1501

202
201

; K 4 , o 1 L A e
rjcl '-.‘4‘ \Jhi_u/NIJ .'—?;: - < o “’ r"(A.é'

S

-

- i ° o

XMON, JY=Y (s MY =L (N, D

PO S5 L=1,2

D0 5SS J=1,ND . o
SHIM=0.

DL 56 K=1, ND
SUM=EUM+COVT (L, Jb K #XM(L, K)
TM(L, J)=SUM

CON'T I NLE

0 57 L=1,2

WO S d=1, ND

XX (L) =50

CONT ITNUE

RAL2=XVX (1) =XVX(2)
HX:: (XM12+ALVY /2,
IF(HX. GT. O W0 TO &0
DA(M)Ys=1.

GO T0 492

DA(HM) =0,

CONT INUE

YY=64. -FLOAT(T)

DO 59 J=i, 44

IF (DALY, B 0. )60 TO 59
XX=FLOAT (WD)

CALL POINTACXX: YY)
CONT INUE

INREX=1+720
WRITE (27 INDEX YDA
CONTINUF -

CALL WINDO(IXI1, 1YL, IXFL. IYKFL)

CAlLL BRLL

$H35 30338 34 35 3195 30 3 3% 356 46 6 30 3H 303 30 30 303020 1 30 4R SH IS0 AE TS0 2R SH 33038

ITERATION

$E3H 364 SH 36 38 36 335 36 36 3030 34 38 3036 3048 3638 30 30230 303 30 3090 303634 30 33 2 A3 303
REAN (4 49%) Tk
FCRMAT(IZ)

CALL NEWPAG

DO 500 MI=i, 14
WRITE (&4, 301)M1
FDHMAT( 0X;”11EHHWIUN’.15)
INNRY=/22

Lo 201 1=1,3
READ(Z7 INDEX)F
DO 202 Jd=1, 44
CACIL, D)=F I

CONT INUE

b 251 I=4, 461
INMEX=(I-1)#5+321
DO 252 J=1,ND
READ(Z7INLEX)F
Do 2:0 K=1,464

Y (s K)=E (R

i ONT TNLIL

oo 203 M=4, 61
P1:=0,

Mi=M-3

DO 263 MM=1,

ol g e it v s TS BN

-Al4

“sumso; ’ I S

SUM=SUNERM (L) JYRTH (L, J) &0

S YR g R

. e
o el TR A, N AR 2 e IR

ttairdaae



ARy

. ’ DO 353 NN=t, 5 AlS
. NXe=M +NN
. BEI . P1=P14CA (MM, NX)

PI=P1-~CA(S: M)

P2E34. <P1 .
IF (P, EQL 24. G0 TO 354
IE(FL ER 0. )60 TN 255
f AlLP=ALUG (F1/E2)

GO TO SH4
Lt Al F=100.

GD TO 346 !
ang Al F=—-100. |
2434, B0 254 N=1, 9

DO ZH4 J=1, NI
254 KM N, J) =Y (Jy M) =U (N J)

DO 255 L1, 2 : R

DO 255 J=i, ND )

SUM=Q,

1D 96 K1, N ;
20t SUM=BUMHFLVT (L, Jy KD #XM (L, K) :

THL, J)=SUM
2E5 CON'T INUE

DO 257 L1, 2

SUM=0, | :

NC 28 =1, NN i
w158 QUM=SUM+XM (L, D) # ML, J) :

XVX (1. )::5UI
257 CONT INUE

XM1Z=XVX (1) =XVX(2)

HX= { XM12+A1LV )Y /5.

f R =Al P

IF (HX. G1. ALP)YGO T0 260

DACM) =1,

G0 TO 53
260 1A (1) =0.

5% CONTINUE

YY=6A, ~E1 OAT (1)

PO 299 Jel, 44

1F(DAC). Fi. 0. )GO 10 759

XX=FLOAT (J)

CAL L POINTA(XX, YY)

259 CONT INUE

TN X1 +200

WR1TF (27 TNIIE X ) L

HO E5Y Jel, 4

Ji=d+1

DO 359 K=1, 44
a9 CACJ, K)=CATIL, K)

TNIIE X = ( T+3 ) +720

REAL(Z  INNE X 3 F |

U0 360 k=1, b4
60 CACS, K) =K (K)

451 CONT INUE

HO 261 T=4, b3

INDE X=1+7 40

KEAD (2 TNDFXOF1

TNDEX:= T +500

READ (2 INDEX) b

D0 263 MF=4, 61
247 F1 OME ) =F (MF)

TN X2 T+720

WHLIF (2 TNDEXOF1
il CUINT @i

‘- NPT N TS Ty £51
et i Bt W sa i den 8 Bberd SRR AO LB DA W i 10 TR 1 s R B

e ath s T e

R
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LCONTINUE
CCALk L~
- BALL EXTT

BN

BFLL
READ (& 690IR
FORMAT(I2)
Cal.l NEWPAG

SUBKOUT INE HINUD(IXI IYI IXF IYF)
CALLL MOVABS(IX1, IYI)

CALL. DRWABS(IXI, IYF)

CAl.LL DRWABS(1XF, 1YF)

CALL DRWABS(IXF, IYI)

CALLL DRWABS(IX1,1Y1)

CALLL BELL

RETURN

END

SUBROUTINE INVERS(S, &I, NUI)
REAL $(3,2), SI(2, 3)

COMMUN D (%, 3),CMI (), CM2C3), Y(2). CN, N1, N

SI01,1)=1, /S(1,1)
U0 2 N-2,NU

Ni::N-1

DD 1 II=1, N1
YCII)=3(N, II)

CALL STY(S8I)

CAlL YTTS(SI)

CALL. CUST(S)

CALL LEFIUF(SI)

N0 3 K=, N1

N0 3 L=i1, N1

SI(K, LY=SBIK, LY/CN
B 4 I.-1, N1

S1CL NY=0 =(CM1(1)/CN)
SLIN I) Q. =(CMZ (1) /7SN
CONT INUE

SI(N, N)=1. /CN
CONTINUF

CAl L BkLL

RETURN

END

SUBROUTINE STY(31)
REAL SI(3,3)

COMMON 8U(2, 3), cn1(3>.cm2(<> Y(3),CN, N1, N
DU o1 I=1, W1

K[UM=0

b T J=1io N1
SUM=SUM+ST (I, J)s#Y (J)
CHM1¢I)=5UM

RETURN

FiNU

SUBKROUTINE YI11S(SI)
REAL SI(3 %)

COMMON SU(3, 3), CH1(3), CMZ(2), Y(3), CNy N1, N
No o1 Iy, N1

SUM=0.

no 7 oJs1, Nt
SUM=SUM+Y () #=1 (J, 1)
CONT INUE '
CMZ Iy =5UM

RETIRN
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DO 1 ISLiNG,

YT Y T L, & 7 T N e R S R T A T R T UL S T g T At Fn R Sl
S B e e S S R R A A i ~ * %
s

T4

N (AL7

SUBKOUTINE CUST(S)
REAL 5(3 3)

. COMMON, 8D0(3, 3, CM1(3), CMRC(3) . Y(3), CNe N1 N

ch~ NN

=3; M1 A
CNECHEY Cry»eML (D)
RETURN

END

SUBROUTINE LEFTUF(SI) o ,
REAL SI(3, 3) ' =0
COMMJIN_SE(3, 3), CM1 (3 ):CM?(S) v<°>.CN.N1 N

¥
s

* -

DD 1 J=1,M

SD(I, J)=CM1(I)+CMZ(J)+S1 (I, J)#CN
RETURN
EML

FILE: PRIKLSGG, 501
SHIHE RAETRIF IR B AT SH I AR TSI 30135 T LRI TEIH B 030 300 RIS S SN
FRINT OUT THE RFSULT

$02E T 3044041 35 3035 31 3530 H030T0 30 4040 1B 33030031 30343 4 % 30 4030 30 3030 TR 3030303y 1333 S S
REOL F(64)

INTEGER IA(6A)

DEFINE ¥ ILE Z{864, 128, U, INDEX)

WRITE(&, 10) :
FORMAT (1X, "FILE /71-7€4 ,NF=1°/1X, "FIL kb 801-5£4, NF=271)
REAL(E, LT)NEF

FORMNT (12)

IF(NF. EQ. 2060 10 2¥

INDEX=724

B0 TO 33

INDEX -£04

Uo 1 I=4,61

ReAL(Z7 IMUEX)F

PO 2 J=4, 61

1IACJI=INT(F {J))

WRITE (%, 44) (1A(I1), 11=4,41)

FORMAT (10 081D

CONT 1hiU=

CALL BkLl.

- CAlLL EXIT

END g
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} SECURH’V CLASSIF!CATION OF THIS RAGE (When Data Entercd) . ‘;
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